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ABSTRACT 
The purpose of this project is to research the use of transmissions in wind power generation. 
This includes: investigating various functional requirement imposed on wind power station 
transmissions throughout their service life, investigating transmission design concepts of 
various drivetrain arraignments used in the industry today as well as those of the future, and 
respectively analyzing each design concept in terms of its efficiency and service life. 
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ABSTRAKT 
Cílem této bakalářské práce je rešerše konstrukcí převodových ústrojí používaných ve 
větrných elektrárnách. To zahrnuje: popis požadavků kladených na převodová ústrojí 
větrných elektráren, sestavení přehledu používaných konstrukčních uspořádání, a zhodnocení 
jejich použití z hlediska účinnosti a životnosti. 
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CVT Převodovka, Přímý Pohon, Hnací Ústrojí, Převodovka, Hydraulický Pohon, Dělení 
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INTRODUCTION 
 
INTRODUCTION 
Energy from wind has been harnessed to serve humans for a long time. However recent 
increases in oil prices and growing concerns over limited fossil fuel resources have triggered a 
number of government funded wind energy projects worldwide [1], resulting in the rapid 
growth and development of wind energy at a rate far surpassing other renewable energy sources. 
 
Figure 0-1 Growth of global wind energy capacity [2] 
A considerable amount of important scientific and engineering information has been gained 
from these Government-funded research programs, compiled in numerous technical 
publications and resources. Many different designs and sizes of wind turbines have been 
produced and tested. However, innovation is an ongoing process that pushes manufacturers to 
refine and improve exiting designs and concepts. This means, constructing and designing wind 
turbines to be simpler, more reliable, and most importantly more cost competitive. There are 
several ways this can be achieved, the most relevant of which is optimizing the energy 
conversion process used to create constant frequency AC electric power suitable for distribution 
over a grid. This energy conversion process is defined mainly by the wind turbine’s drivetrain 
which includes among other things a transmission. Transmissions are vital components in 
drivetrains used to transfer and control mechanical energy passing through them. The focus of 
this project is to outline various transmission design concepts applicable to wind power 
generation, and to understand their design, application, and limitations. 
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1 BASIC TERMS AND DEFINITIONS 
A wind turbine is a unit that serves to convert kinetic wind energy into usable electric energy. 
It can have either a vertical or horizontal arrangement, however very most of commercial 
applications today utilize the horizontal shaft arrangement. A horizontal wind turbine consists 
of a power generating unit or drivetrain mounted on top of a tower. The unit can rotate also 
known as yaw around the vertical axis. A wind turbine’s drivetrain typically comprises of a 
rotor, transmission, and generator [3]. With respect to mechanical speed, the drivetrains can be 
grouped into three different categories; fixed speed drivetrains, multi speed drivetrains (usually 
two speeds) and variable speed drivetrains [1]. These drivetrains are designed to a rated power, 
and are power controlled to ensure the rated power is not exceeded during high winds. Common 
forms of power control are; passive stall control, active pitch control, and yaw control. The type 
of drivetrain selected for a particular application is determined and optimized with respect to 
safety and environmental relations, functionality, efficiency, reliability, and economic 
feasibility. Maintainability is also taken into consideration. 
 
Figure 1-1 Conventional wind turbine drivetrain arrangement [4] 
  
1.1 ROTOR 
The rotor aerodynamically converts the kinetic energy of the moving air into mechanical energy 
by rotating a shaft commonly referred to as the main shaft. The main shaft is constrained in two 
bearings witch may be placed in the forward housing attached directly to the gearbox, or in 
separate housings attached to a main frame or bedplate [5]. It typically consists of 3 blades 
mounted in a hub on the end of the main shaft. The blades can be either fixed for passive stall 
control or adjustable for active pitch control. The low speed and high torque motion combined 
with excessive mass and dynamic forces of the rotor are a few of the many engineering 
challenges present in the process of extracting wind energy on a greater scale. The rotor is the 
most visible and impressive part of the wind turbine. 
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1.2 TRANSMISSION 
The transmission creates a link between the rotor and the generator. The purpose of the 
transmission is to transfer and condition the mechanical energy received from the rotor into a 
form acceptable by the generator. Wind turbine transmissions are the core subject of this thesis 
and will be analyzed in details in the following chapter. 
 
1.3 GENERATOR 
The generator converts the mechanical energy received from the transmission to electrical 
energy. The converted electrical energy is then supplied to the grid either directly using 
synchronous and induction generators, or indirectly using variable speed generators after being 
further conditioned using power electronics. Generators used in commercial wind power 
generation can be categorized as single speed, multispeed or variable speed, as well as induction 
AC, synchronous AC, or DC generators [1].
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2 DRIVETRAIN TRANSMISSIONS 
As stated previously transmissions are components of a wind turbine’s drivetrain that function 
to transmit and condition mechanical energy before it passes to the generator. There are many 
different types of transmissions used in wind power generation today, all of which can be placed 
into two categories. These categories are fixed ratio transmissions and variable ratio 
transmissions. The type of transmission used in a particular application is selected based on its 
ability to transmit and condition mechanical energy into a form compatible with the drivetrain’s 
generator. 
From a design point of view, the transmission must primarily be able to control the mechanical 
energy’s angular velocity in such a way that it is compatible with the generator it is paired with. 
In many cases, this means stepping up the low speed high torque of the rotor (about 50 times) 
to the high speed low torque required by conventional induction and synchronous AC 
generators [1]. The transmission must also be able to perform auxiliary functions such as; 
powering hydraulic pumps for servo control and lubrication, supporting a rotor brake, etc. 
From a structural point of view, the transmission must be designed to withstand loads that it is 
exposed to during normal operation. These are torque loads that can vary from zero to rated 
torque according to the wind speed. The transmission must also be designed to withstand loads 
that occur in special cases, during which the torque load exceeds the rated torque for a short 
period of time. The most common of these are braking loads. Most turbines incorporate a 
mechanical brake device located at the end of the transmission, commonly the high speed shaft 
of a step up transmission. This results in braking loads being transferred through the 
transmission itself. In the event of an over speed condition (for example after a grid loss), the 
mechanical brake must be capable of decelerating the rotor to a standstill. This typically 
requires a torque of about three times the rated torque [1]. 
 
 
 
 
 
 
 
 
 
 
Figure 2-1 Types of transmissions  
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2.1 FIXED RATIO TRANSMISSIONS 
Fixed ratio transmissions are the most commonly used transmissions in wind power generation 
today [6]. They can be categorized into two different types; direct drive, and gearboxes. The 
two types are drastically different from one another. However, they do share some basic 
characteristics. Compared to variable ratio transmissions, fixed ratio transmissions offer 
considerably better efficiency, most so with direct drive. They are however limited by their 
fixed ratio, which is great for fixed speed drivetrains and multi speed drivetrains, but requires 
the additional use of power electronics when used with variable speed drivetrains.  
 
2.1.1 DIRECT DRIVE 
Direct drive is the simplest and most efficient means of transferring mechanical energy. 
However, it possesses one major drawback that is not being capable of controlling the angular 
velocity of the mechanical energy being transferred. For wind power generation, this means 
that wind turbine’s generator must be capable of directly converting the mechanical energy 
from the rotor into electrical energy.  
From a design point of view, direct drive simply consists of a main shaft that directly couples 
the wind turbine’s rotor and generator. The main shaft can be either constrained in two bearings 
that fix it to a main frame, or be integrated into the generator itself. The wind turbine’s rotor is 
coupled to the front end of the main shaft, while generator’s rotor is coupled to the back. 
 
Figure 2-2 GE Direct drive wind turbine [7] 
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Since direct drive is not capable of controlling the angular velocity of the mechanical energy 
being transferred through it, its application is limited to wind turbine’s using specialized, 
purpose built generators. Today direct drive is commonly paired with special synchronous AC 
generators. These are a large diameter, low speed, high torque type of generator that has many 
poles and is capable of converting the mechanical energy of the wind turbine’s rotor straight 
into electrical energy. The generator can have either a wound rotor, or a permanent magnet 
rotor. Today the permanent magnet rotor is commonly used, because; it is more cost effective 
to manufacture, simpler in design as it does not require the use of brushes, more reliable, 
requires less maintenance, and is more efficient. The use of a synchronous generator requires 
the additional use of power electronics to de-couple the generator from the grid and permit 
variable-speed operation and torsional drivetrain damping [1]. 
As stated previously, direct drive is the most efficient means of transferring mechanical energy. 
This is a result of its simplicity as the only parasitic resistance to the flow of mechanical energy 
present is the resistance of the bearings with which in the main shaft is constrained. Likewise, 
another result of its simplicity is its long service life. The service life of a direct drive 
transmission is limited by material fatigue, corrosion, and its wear components being the two 
bearings constraining the main shaft. With correct design and maintenance this type of 
transmission will outlast any other component on the wind turbine. Again, due to its simplicity 
the direct drive transmission as a unit is the most cost effective to produce and maintain. 
However, it is important to recognize that the overall cost effectiveness of a wind turbine 
utilizing this transmission is dramatically reduced by its dependence on relatively expensive 
specialized generators and power electronics.    
2.1.2 GEARBOX 
Although the wind power generation industry is pushing for its replacement with direct drive, 
most wind turbines today use a gearbox transmission for the advantages it offers [1]. Gearbox 
transmissions have been used in most industries for an incredibly long time. There are many 
established manufacturers capable of designing and producing gear box transmissions. Unlike 
direct drive, a gearbox transmission is capable of changing the angular velocity of the 
mechanical energy being transferred through it. This means that it is capable of stepping up the 
low speed high torque mechanical energy of the rotor to a high speed low torque energy, 
allowing for the use of cost affective and readily available conventional induction and 
synchronous AC generators [6]. Gearbox transmissions are commonly used in single speed and 
multi speed wind turbine drivetrains where they are paired with induction AC generators. They 
can also be used in variable speed wind turbine drivetrains where they are paired with 
synchronous AC generators that are de-coupled from the grid with the use of power electronics 
[1].  
From a design point of view, a gearbox in its simplest form consists of an input shaft and output 
shaft connected together through a gear train of two or more gears, all fix inside of a case. The 
ratio between the speed of the input shaft and the speed of the output shaft is proportional to 
the total ratio between the sizes of gears used in the gear train. The orientation of the input shaft 
with respect to the output shaft can be made to change using various gear arrangements such as 
bevel or worm gears, however the gearbox transmissions used in wind power generation 
commonly use simple parallel axis gears [6]. 
Parallel axis gears can be arranged in one of two ways for each gear stage within a gearbox 
transmission. The simplest arrangement is made up of two external gears meshing with each 
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other. This arrangement is commonly referred to as parallel shaft. The alternative gear 
arrangement is referred to as planetary. This arrangement offers a much greater gear ratio, 
while retaining a practical size thanks to it’s compactness. It consists of a ring of planet gears 
(external) mounted on a planet carrier. A sun gear (external) is placed in the middle of the ring 
of planet gears and meshes with them. An annulus gear (internal) surrounds the planet gears 
and also meshes with them. When designed to step up angular velocity, the annulus gear is held 
fixed, the planet carrier is driven by the input shaft, and the sun gear drives the output shaft. 
The greatest advantage of the planetary arrangement is that it allows for load distribution 
between all the planet gears. This reduces the load at any one select gear interface, allowing the 
gears and gearbox to be made smaller and lighter, however at the cost of some increased 
complexity. 
 
Figure 2-3 Planetary gear arrangement [8] 
Gearbox transmissions used in the wind power generation industry can consist of a single stage, 
or of multiple stages of gear arrangements. The simplest and most efficient of these are single 
stage transmissions. These are commonly used in torque splitting wind turbine drivetrains that 
utilize a group of smaller generators instead of a single larger one [9]. They typically consist of 
a large external gear mounted to the end of the main or input shaft, and a number of (typically 
4 or 5) small external gears surrounding and meshing with it. The large gear is driven by the 
input shaft while the small gears drive multiple output shafts coupled to induction AC 
generators. Single stage gearbox transmissions have excellent efficiency, however are very 
large in size as a result of stepping up the speed of the input shaft all in one stage. Multi stage 
gearbox transmissions are used to help reduce this size and weight. 
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Multi stage gearbox transmissions have a gear ratio that is multiplied over each stage of the 
transmission. The most common multi stage transmissions used in wind power generation have 
three stages. The first stage is exposed to the highest torque loads and therefore must be the 
most robust. This is why it is common to use a planetary arrangement for the first and usually 
also the second stage as it offers better load distribution making for a more compact 
transmission [1]. The third stage is exposed to the least torque and typically uses a parallel shaft 
arrangement in order to reduce overall complexity. Since the overall gear ratio of a multi stage 
transmission is the product of each stage, the physical diameter of the gears can be made smaller 
and lighter.  
 
Figure 2-4 Common GE multi stage Gearboxes [6] 
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The individual gears in a gearbox can be categorized into two parallel axis gear types [1]. These 
are spur gears and helical gears. Spur gears sometimes referred to as straight cut gears are the 
simplest type of gears that consist of a cylinder or disk with teeth projecting radially around its 
circumference. The edge of each tooth runs parallel with the gear’s axis of rotation. Helical 
gears differ from spur gears by utilizing teeth with edges oriented at an angle to the gear’s axis 
of rotation. This angling crates a tooth in the shape of a helix segment. Simple helical gears 
produce a side load or a load in the direction of the gear axis when torque is transferred through 
them. This load must be resisted by the gearbox case. Helical gear side load can be eliminated 
completely through the use of double helical gears. Double helical gears are two symmetrically 
oriented helical gears, merged into one body. As a result of this symmetrical orientation, a 
double helical gear produces two side loads that are equal and opposite to each other, effectively 
canceling and producing zero overall axial load. However, double helical gears possess one 
major downfall being their geometrical complexity, resulting in relatively high manufacturing 
costs.  
 
Figure 2-5 Double helical gear [10] 
These two types of gears behave differently in terms of vibration and noise. The primary source 
of gearbox noise is a result of individual teeth meshing together. As individual teeth of a gear 
are loaded, they deflect proportionally to the load. If no tooth profile correction is made, this 
will misalign the following unloaded teeth as they come into contact, resulting in a series of 
impacts at the meshing frequency of the gears. To correct this, the tooth profile is adjusted. This 
is commonly done by creating tip relief, or removing material from the tip of both gears so as 
to bring the unloaded teeth back into alignment at the rated gear loading. Helical gears are 
typically quieter than straight cut gears because the width of the tooth comes into mesh over a 
finite time interval rather than all at once [1]. Additionally, the tooth deflections experienced 
by helical gears are less than those experienced by comparable spur gears at the same load, 
because there are always more teeth meshing at a given time. These reduced tooth deflections 
are also a result of varying bending moment across the tooth width. This means that the less 
heavily loaded portions of the tooth can provide support to the part that is most heavily loaded. 
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As a result, helical gears are less sensitive to tooth misalignments due to insufficient or 
excessive tip relief at loads. 
The typical service life of a gearbox transmission used in wind power generation today is about 
5 years [11]. This relatively low service life is a result of two main contributors. Firstly, it is 
difficult to exactly define the torque loads that the transmission will encounter during real world 
operation. In the act of capital cost savings, these loads are often underestimated resulting in an 
under designed transmission. Since most of these gearbox transmissions are not load protected, 
they often suffer from abuse such as overloading and misalignment. Secondly, the service life 
of a gearbox transmission is inherently limited as a result of its design complexity. With 
exception to the gearbox case and a few other components, these transmissions consist largely 
of a system of many rotating wear components, that themselves possess finite service lives [5]. 
The service life of these wear components is greatly affected by the transmission’s lubrication 
system. 
The primary function of a gearbox transmission’s lubrication system is to maintain an oil film 
over the contact surfaces of the gear teeth and bearings, in order to minimize friction and its 
associated effects such as; heat, surface pitting, and wear (abrasion, adhesion and scuffing). In 
most cases, the lubrication system also functions to cool the transmission from friction 
generated heat. Lubrication systems can be categorized into two different types. These are 
commonly referred to as splash lubrication and pressure fed lubrication [1]. Splash lubrication 
systems are simple and reliable. They are commonly used with single stage gear arrangements, 
where the low-speed gear is dipped into an oil bath. As the gear revolves, it draws oil up to its 
meshing high speed gear(s). Excess oil is thrown up against the inside of the gearbox case, 
where it is then channeled down to each individual bearing. This type of lubrication system is 
not always capable of adequately supplying oil to all the components of more complex multi 
stage gearbox transmissions. A pressure fed lubrication system differs from splash lubrication 
by using a shaft driven pump to deliver oil directly to each of the transmission’s wear 
components, no matter their location. Furthermore, the oil is circulated which allows for it to 
be filtered and cooled.  
Although less efficient than direct drive, gearbox transmissions still offer considerably better 
efficiency than most variable ratio transmissions. Gearbox efficiency can vary between about 
95 percent and 98 percent, depending on the relative number of planetary and parallel shaft 
stages and on the type of lubrication system used [1]. Typically, the more stages there are within 
a gearbox transmission, the lower its efficiency will be. Efficiency can also be quantified in 
terms of heat. A gearbox transmission’s loss of efficiency is a result of its resistance to transfer 
mechanical energy. This resistance is ultimately dissipated as thermal energy or heat. The more 
heat a gearbox produces with respect to its transfer of mechanical energy, the less efficient it 
is. 
 
2.2 VARIABLE RATIO TRANSMISSIONS 
The greatest advantage and drive behind the development of variable ratio transmissions is their 
ability of facilitating variable speed operation without the use of power electronics [3]. These 
transmissions are less common than direct drive and gearbox transmissions, but never the less 
are offered by some manufactures for use in wind power generation. Variable ratio 
transmissions, as their name implies, are able to flexibly alter their speed ratio and directly 
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control the speed of their output shaft in relation to their input shaft. This means that unlike 
drivetrains utilizing fixed ratio transmissions, variable ratio transmission drivetrains 
mechanically de-couple the speed relation between the rotor and the generator, allowing each 
to operate in conditions that they are most efficient in. As a result of this, the wind turbine’s 
rotor can operate at higher aerodynamic efficiencies over a larger range of wind speeds. This 
level of flexibility allows variable ratio transmissions to be paired with virtually any type of 
generator, however at an expense of added complexity and reduced efficiency. Variable ratio 
transmissions can be categorized into three common types. These are fluid drive, differential 
drive, and friction drive. 
 
2.2.1 FLUID DRIVE 
Fluid drive transmissions used in wind power generation today are hydrostatic systems with 
variable displacement. They offer a number of advantages, the most obvious being their ability 
to flexibly alter their gear ratio to directly control the speed of their output shaft. They also have 
the ability to relocate the drivetrain’s generator from the top of the wind turbine tower to the 
ground, as hydraulic pressure can be easily transferred through pipes or hoses. For all their 
advantages, fluid drive transmissions have a huge disadvantage and that is their poor efficiency. 
They are also not commonly produced in a scale large enough to be used with today’s wind 
turbines, which means their specialty is accompanied by high production costs.  
From a design point of view, fluid drive transmissions used in wind power generation can be 
divided into open and closed loop hydrostatic systems [12]. A closed loop fluid drive 
transmission typically consists of a one or two stage planetary gearbox that is driven by the 
rotor of the wind turbine. This gearbox steps up the speed of the rotor to a speed required for a 
conventional hydraulic pump to produce usable hydraulic pressure. A variable displacement 
piston hydraulic pump is driven by the gearbox. This pump directly supplies hydraulic pressure 
to a piston hydraulic motor. The motor is coupled to and drives the wind turbine’s generator. 
The fluid discharged for the motor is directly routed back to the intake of the pump. The speed 
of the motor can be varied by varying the displacement of the pump. This type of fluid drive 
transmission can be paired with virtually and type of generator, and its compact size allows for 
it to be mounted on top of the wind turbine tower as a complete unit. 
An open loop fluid drive transmission typically consists of a large high torque radial piston 
hydraulic pump coupled directly to the rotor on top of the wind turbine tower [13]. This pump 
is fed hydraulic fluid from a reservoir located at ground level through the use of an auxiliary 
low pressure feed pump. The feed pump is also ground mounted and is typically an electrically 
driven centrifugal hydraulic pump. It is connected to the main piston pump by an intake or feed 
line, running up the height of the tower. The main piston pump is driven by the rotor and 
supplies hydraulic pressure to a ground mounted variable displacement piston hydraulic motor 
or group of these motors, through a high pressure line running down the height of the tower. 
This motor then drives the wind turbine’s ground mounted generator or group of generators 
depending on the number of motors being used. After this, the discharged fluid from the 
motor(s) is cooled, filtered, and returned to the hydraulic reservoir to be reused.  The speed of 
the motor can be varied by simply varying its displacement. As with a closed loop fluid drive 
transmission, this type of fluid drive transmission can be paired with virtually and type of 
generator, and features an added ability to support multiple generators and relocate them to 
ground level. 
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Both open and closed loop fluid drive transmissions utilize a variable displacement hydraulic 
pump/motor device to flexibly alter their speed ratio and directly control the speed of their 
output shaft in relation to their input shaft. This device consists of a rotating cylinder block with 
bores arranged radially around its circumference. Each bore of the cylinder block houses a 
piston and slipper assembly, protruding from the shaft side of the block. The opposite side of 
the cylinder block slides against the valve plate of the pump case. The valve plate features an 
inlet and outlet port. The piston slippers ride against an adjustable swash plate. The cylinder 
block together with the piston and slipper assemblies are rotated by the pump’s input shaft. As 
they rotate, the pistons draw in fluid while passing over the inlet port of the valve plate, and 
then discharge the fluid at pressure while passing over the outlet port. The displacement of the 
pump or volume of fluid discharged per revolution of the input shaft, is regulated by changing 
the stroke of the pistons. This change in stroke is accomplished by altering the adjustable angle 
between the swash plate and pump axis, where the greater the angle, the greater the stroke and 
subsequently displacement. 
 
Figure 2-6 Variable displacement piston hydraulic pump [14] 
As stated before, the application of fluid drive transmissions in wind power generation suffers 
greatly from their lack of efficiency. Today fluid drive transmissions are typically 10 to 30% 
less efficient than conventional gearbox transmissions used in wind turbines [15]. This poor 
efficiency is mainly a result of inherent characteristics associated with hydraulic systems. 
Unlike conventional gearbox transmissions, fluid drive transmissions transfer mechanical 
energy by physically circulating hydraulic fluid. This means that a portion of the energy will be 
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lost to overcome the hydraulic losses of the circuit or loop. This is most apparent with open 
loop systems featuring ground mounted generators, in which the fluid is required to travel up 
and down the height of the wind turbine tower. Pump and motor losses due to leakage also 
contribute to poor energy transfer efficiency. 
The service life of fluid drive transmissions is greatly dependent on their design arrangement. 
Today, most of these transmissions incorporate a gearbox used to step up the speed of the rotor 
to a speed required for a conventional hydraulic pump to produce usable hydraulic pressure. 
This means that the service life of such transmissions can be no better than that of gearbox 
transmissions.  
 
2.2.2 DIFFERENTIAL DRIVE 
Differential drive transmissions are gearbox based transmissions that are servo controlled [16]. 
As with fluid drive transmissions, these transmissions possess the ability to flexibly alter their 
gear ratio to directly control the speed of their output shaft. However, instead of using variable 
displacement hydraulics, differential drive transmissions transfer energy electromechanically. 
This results is a transmission with far fewer efficiency losses than that of fluid drive 
transmissions. 
From a design point of view, differential drive transmissions are based around a two or three 
stage planetary gearbox. However, a convention planetary gearbox features a fixed annulus, in 
order to step up the angular velocity of the mechanical energy transfer through it. Differential 
drive transmissions differ from this slightly by freeing the annulus of the last stage and 
controlling its rotation with an electric servo drive. This servo drive is connected to the annulus 
through a pinion gear mounted on its output shaft, that meshes with external teeth cut into the 
outside of the annulus. By changing the speed and direction of the annulus’ rotation, the 
transmission’s gear ratio can be altered, which allows for variable speed operation. This means 
that at low wing velocities, the electric servo will rotate the annulus in a direction similar to that 
of the planet carrier. This in turn increases the gear ratio of the transmission, allowing the rotor 
to operate at a lower speed and maintain its optimal tip speed ratio, all without affecting the 
speed of the generator. The additional energy fed into the transmission by the electric servo is 
recovered by the generator. The opposite can be stated for high wind velocities, when the 
electric servo will act as a brake and allow the annulus to rotate in a direction opposite to that 
of the planet carrier. This in turn decreases the gear ratio of the transmission, allowing the rotor 
to operate at a higher speed and maintain its rated output, again all without affecting the speed 
of the generator. The breaking action of the servo generates electric energy in addition to that 
generated by the main generator. 
Since differential drive transmissions are able to flexibly alter their gear ratio and directly 
control the speed of their output shaft in relation to their input shaft, they can be paired with 
virtually any generator. Like all variable ratio transmissions, they allow for variable speed 
operation without the use of power electronics by mechanically decoupling the speed relation 
between the rotor and the generator. Their efficiency is only somewhat reduced over 
conventional gearbox transmissions (typically less than 1%) [16], as a result of having to 
recover servo energy during periods of low wind velocity. However, this 1% is usually 
outweighed by the aerodynamic efficiency gained by the rotor’s variable speed operation. The 
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service life of differential transmissions is obviously identical to that of conventional gearbox 
transmissions, on which they are based.  
 
2.2.3 FRICTION DRIVE 
Although not yet implemented in wind power generation, an alternative type of variable ratio 
transmission being researched is a friction drive transmission [11]. In the automotive industry, 
this type of transmission is commonly referred to as a CVT or continuously variable 
transmission. Many different concepts of friction drive transmissions have been designed, the 
most common of which are belt/chain variator transmissions, and rolling traction transmissions.  
From a design point of view, a variator type friction drive transmission consists of a drive and 
driven pulley, linked together by a belt or chain. This belt has a V shaped profile and is 
sandwiched between the halves of each pulley. Mechanical energy is transferred through the 
friction between the sidewalls of the belt and the pulley halves. The axial distance between 
these pulley halves is adjustable. As this distance is increased the belt wedges itself deeper into 
the pulley, effectively reducing the pulley’s diameter.  As the distance is decreased the opposite 
occurs; the belt is pushed out to the outside of the pulley increasing the pulley’s diameter. The 
speed ratio of a variator type friction drive transmission is the ratio between the diameters of 
the drive and driven pulleys, and therefore can be controlled by varying the axial distance 
between the pulley halves of each pulley respectively. 
 
Figure 2-7 Belt variator CVT [17] 
 A rolling traction type of friction drive transmission consists of an input disc and output disc, 
connected together through a set of idler rollers. The geometrical shape of the discs allows the 
idler rollers to move along their surface and vary the point at which they make contact. The 
further this point is from the disc axis, the greater the effective disc diameter. As was the case 
with the variator type friction drive transmission, the speed ratio of a rolling traction type 
friction drive transmission is the ratio between the effective diameters of the input and output 
discs, and therefore can be controlled by varying the contact point of the idler rollers. 
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Figure 2-8 Rolling traction CVT [17] 
All friction drive transmissions share a common deficiency, being that they depend on friction 
alone to transfer mechanical energy. This dramatically limits their ability to transfer torque and 
commonly results in slippage. Using today’s available CVT technology these transmissions 
would have to be scaled to such an extreme, that they would probably not be a cost effective 
solution to the problem that is wind turbine energy transfer and conditioning. 
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CONCLUSION 
There are many different types of transmission design concepts used in wind turbine drivetrains 
around the word. These include proven gearbox transmissions, as well as developing direct 
drive, fluid drive and differential transmissions. The most promising of these are the direct drive 
transmissions. Today, with its development, more and more wind turbine manufacturers are 
turning to direct drive as the solution to energy transfer. And for good reason, as direct drive 
implemented in a well-designed drivetrain possesses but one downfall, and that is its capital 
costs. The ideal direct drive wind turbine drivetrain would consist of; a rotor with active pitch 
control, coupled through direct drive to a low speed synchronous generator with a permanent 
magnet rotor, feeding sophisticated power electronics. This would focus all compromises in 
efficiency into a single component, that being the power electronics. This makes direct drive 
very difficult to outperform in terms of efficiency, which is one of the of the most important 
subjects in terms of power generation. Direct drive also has huge benefits in terms of 
maintainability. Since it features very few wear components transmission wise as well as 
drivetrain wise, it requires very little maintenance compared to other wind turbine drivetrains.  
A wind turbine drivetrain utilizing direct drive is however expensive to manufacture, as it 
requires the use of a specialized generator and power electronics. However, with its long service 
life and minimal maintenance costs, these capital costs are eventually offset in the long term 
making direct drive the cost effective way forward. 
 
Figure 0-2 EWT direct drive wind turbine [18]
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